The Effects of Cooling Delay on the Cooling Response and the Physico-Chemical Properties of Eksotika Papaya by Salleh, Hanim
 
 
 
 
 
 
 
 
UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
THE EFFECTS OF COOLING DELAY ON THE COOLING RESPONSE 
AND THE PHYSICO-CHEMICAL PROPERTIES OF EKSOTIKA 
PAPAYA 
 
 
 
 
 
 
 
HANIM SALLEH 
 
 
 
 
 
 
FK 1997 18 
THE EFFECTS OF COOLING DELAY ON THE COOLING RESPONSE 
AND THE PHYSICO-CHEMICAL PROPERTIES OF EKSOTIKA 
PAPAYA 
By 
HANIM SALLEH 
Thesis Submitted in Fulfilment of the Requirements for 
the Degree of Master of Science in the Faculty of Engineering, 
Universiti Putra Malaysia. 
July 1997 
ACK NOWLEDGMENTS 
In the name of God Most Gracious Most Merciful. 
The author wishes to express her sincere appreciation and gratitude to her 
supervisory committee Assoc. Prof. Dr. Hussain Mohd Salleh (Chairman), 
Assoc. Prof. Dr. Mohd Nordin Ibrahim and Dr. Wan Mohammad Wan Abdullah, 
for their invaluable guidance, suggestions and constructive criticisms throughout 
the course of her study. 
Special appreciation is also expressed to all lecturers, technicians, staffs, 
research assistants, and friends who were involved directly or indirectly 
throughout the experiments and writing of her thesis. 
Last but not least, the author would lik e  to express special thank s and 
appreciation to her parents, beloved husband, Mohamad Riza Hadrun, and 
daughter, Nursak eenah Husna for their patience, support, encouragement, and 
inspiration throughout her studies. 
ii 
TABLE OF CONTENTS 
Page 
ACKNO WLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
LIST OF .T  ABLES . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  ......... .... .. VI 
LIST OF FIGUR ES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............... .............. IX 
LIST OF PLATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XVI 
LIST OF ABBR EVIATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XV11 
LIST OF SY MBOLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ................... .. XIX 
ABSTRA CT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  XXI 
ABSTRA K. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . xx iii 
CHAPTER 
I 
II 
INTRODUCTION 1 
The Status of the Malaysian Fruit Industry . . . . .  . . . . . . . . . . . ... . . . . .. . . .  1 
Status of the Papaya Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Scope of Study . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. 4 
LITERATURE R EVIEW 
Temperature Management as a Postharvest Control Strategy . . . . . . .  . 
Importance of Low Temperature Storage . . . . . . . . . . . . . . . . . . . . .  . 
Precooling versus Cooling Delay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Heat Transfer Properties of Fru its . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Basic Concept of Heat Transfer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
New tonian Law of Cooling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cooling Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Half-cooling Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Factors Affecting the Cooling of Fruits . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Effect of Location within Fruits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Effect of Cooling Medium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Effect of Container and Arrangement . . . . . . . . . . . . . . . . . . . . . . . . .  . 
The Chilling Injury Phenomenon and Temperature 
Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .
Defi nition of Chilling Inj ury . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  . 
Chilling Injury Symptoms and Factors . . . . . . . . . . . . . . . . . . . . . .  . 
Chilling Injury Alleviation Through Temperature 
Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Physico-chemical Changes and Perception of Quality . . . . . . . . . . . . .  .
Definition of Quality and Storage Life . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Physical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Chemical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
iii 
5 
5 
5 
8 
1 0  
1 0  
11 
14 
15 
16 
17 
17 
18 
18 
18 
19 
20 
22 
22 
23 
27 
III 
IV 
MATERIALS AND METHODS 
Fruits 
Treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Samplin gs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Temperat ure Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Physical Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Weight Loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Moisture C ontent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Firmness and Rupture Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
C olour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C hemical Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Titratable Acidity and C itric Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Total Soluble Solids C TSS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C hilling Injury Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Data and Statistical Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C ooling Response Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Physico-chemical and C hilling Injury Data Analyses 
RESUL TS AND DISC USSION 
C ooling Response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Effect of C ooling Delay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
Effect of Box Position : Bottom versus Middle C ontainer . . . .  . 
Effect of Location Within Fruit : 0.5R versus C entre . . . . . . . . .  . 
Storage under Ambient C onditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Physical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C hemical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C ool Room Treatment : Analyses Before Ripening . . . . . . . . . . . . . . .  . 
Physical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C hemical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C hilling Injury Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Overall Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
C ool Room Treatment; Analyses After Ripening . . . . . . . . . . . . . . . .  . 
Physical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
C hemical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C hilling Injury Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Overall Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Overall C omparisons of C ool Room Treatments: 
Before and After Ripening at Ambient C onditions 
30 
30 
31 
31 
33 
35 
35 
35 
36 
37 
38 
38 
38 
39 
39 
39 
40 
40 
43 
43 
43 
48 
50 
52 
52 
59 
63 
63 
76 
81 
85 
88 
88 
99 
105 
110 
upon Removal from C ool Room . . .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 112 
Physical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....... 112 
C hemical Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 
C hilling Injury Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
C ool Room Treatment versus Ambient Treatment . . . . . . . . . . . . . . . . . 129 
iv 
v 
Physical Observations 
Chemical Observations 
CONCLUSION 
General Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cooling Response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Physical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Chemical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Development of Chilling Injury Symptoms . . . . . . . . . . . . . . . . .  . 
Conclusion and Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
REFERENCES 
ADDITIONAL REFERENCES 
APPENDIX 
A Plates 
B Additional Figures 
C Result Tables 
D Additional Information on Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
D- l Data Acquisition System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
D-2 Hunter Lab Colour System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
VITA 
v 
1 29 
14 1  
146 
1 46 
1 46 
1 46 
1 48 
149 
1 50 
1 5 1  
1 60 
1 6 1  
1 66 
1 75 
203 
204 
2 1 1 
2 1 2  
LIST OF TABLES 
Table Page 
1 Dimensionless Group Related to Heat Transfer . . . . . . . . . . . .  . . . . . . . .  . . . . . . . 1 6  
2 Critical Temperature for Cool Storage Requirement of Fruits . . . . . . .  20 
3 Effect of Cooling Delay Treatments on Cooling Rates and Half­
cooling Times According to Box Position and Location Within 
Fruit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  49 
4 Effect of Box Position on Cooling Rates and Half-cooling Times 
According to Location Within Fruit and Treatment. . . .  . . . . .  . . . . . .  . . . . . . .  . . 50 
5 Effect of Location Within Fruit on Cooling Rates and Half-cooling 
Times According to Box Position and Treatment .. . . . .  . . . . .  . . . . . . . . . .. 5 1  
6 Mean of Physical Properties for Eksotika Papaya Stored at 
Ambient (26°C ± 2°C): Weight Loss, Moisture Content, 
Firmness, Rupture and Colour . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  1 76 
7 Mean of Chemical Properties for Eksotika Papaya Stored at 
Ambient (26°C ± 2°C): Titratable Acidity, Citric Acid, Total 
Soluble Solids and pH . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . 1 77 
8 Summary of Two-Factor Analysis of Variance (AN OVA) 1 78 
9 Summary of Mean Separation By Duncan Multiple Range 
Analysis Sorted According to Treatment And Storage Time 
Treatments : Eksotika Papaya at Cool Room 
Storage ( l 3°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 79 
1 0  Summary of Mean Separation By Duncan Multiple Range 
Analysis Sorted According to Treatment And Storage Time 
Treatment: Eksotika Papaya Ripening at Ambient (26°C ± 2°C) 
After Removal From Cool Room Storage ( l 3°C ± 2°C) . . . . . . . . . . . . . . . .  1 80 
1 1  Weight Loss (%) of Eksotika Papaya Before Ripening upon 
Removal from Cool Room Storage ( l 3°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 1  
1 2  Moisture Content (%) of Eksotika Papaya Before and After 
Ripening upon Removal from Cool Room 
Storage ( l3°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 82 
vi 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
Firmness (kgf/mm) of Eksotika Papaya Before and After Ripening 
upon Removal from Cool Room Storage ( 1 3°C ± 2°C) ............. 
Rupture Force (kgf) of Eksotika Papaya Before and After Ripening 
upon Removal from Cool Room Storage (1 3°C ± 2°C) ....... ......... 
L Value of Eksotika Papaya Before and After Ripening upon 
Removal from Cool Room Storage ( 13°C ± 2°C) . . . . . . . . . . . . . ... . . . . . . . .. .  
a Value of Eksotika Papaya Before and After Ripening upon 
Removal from Cool Room Storage (13°C ± 2°C) ..... ................. ... 
b Value of Eksotika Papaya Before and After Ripening upon 
Removal from Cool Room Storage (1 3°C ± 2°C) ... ...................... 
Delta E of Eksotika Papaya Before and After Ripening upon 
Removal from Cool Room Storage ( 13°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Titratable Acidity (ml NaOHIl Og) of Eksotika Papaya Before 
and After Ripening upon Removal from Cool Room Storage 
( 1 3°C ± 2°C) ............................................................................. . 
Citric Acid (%) of Eksotika Papaya Before and After Ripening 
upon Removal from Cool Room Storage (1 3°C ± 2°C) . . . . . . . . . . . . . . . .  . 
Total Soluble Solids (OBrix) of Eksotika Papaya Before and 
After Ripening upon Removal from Cool Room Storage 
( 1 3°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
pH of Eksotika Papaya Before and After Ripening upon Removal 
from Cool Room Storage ( 1 3°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Surface Lesion Occurrence (%) of Eksotika Papaya 
Before and After Ripening upon Removal from Cool Room 
Storage ( 13°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Sunken Spot Occurrence (%) of Eksotika Papaya Before 
and After Ripening upon Removal from Cool Room Storage 
( 1 3°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Fungal Infection Occurrence (%) of Eksotika Papaya Before and 
After Ripening upon Removal from Cool Room Storage 
( 1 3°C ± 2°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
vii 
1 83 
1 84 
1 85 
1 86 
1 87 
1 88 
1 89 
1 90 
1 91 
1 92 
1 93 
1 94 
1 95 
26 
27 
28 
29 
30 
Uneven Ripening Occurrence (%) of Eksotika Papaya Before and 
After Ripening upon Removal from C ool Room Storage 
( 1 3°C ± 2°C )  ............................................................................. . 
Brown Spot Occurrence (%) of Eksotika Papaya Before and 
After Ripening upon Removal from C ool Room Storage 
( 13°C ± 2°C )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Overall C hilling Injury Occurrence (%) of Eksotika Papaya Before 
and After Ripening upon Removal from C ool Room Storage 
( 13°C ± 2°C ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Mean Separation Analysis of Physico-chemical Properties of 
Eksotika Papaya : C ooling Delay Treatment C ompared with the 
Ambient (Day 7) Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Mean Separation Analysis of Physico-chemical Propert ies of 
Eksotika Papaya : C ooling Delay Treatment C ompared with the 
Ambient (Day 9) Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
viii 
1 96 
1 97 
1 98 
1 99 
20 1 
Figure 
1 
2 
3 
LIST OF FIGURES 
Papaya Production in Peninsular Malaysia (ton nes), 1 989- 1 992 . . . .  
Malaysia Total and Value of Export for Papaya, 1 986- 1 995 . . . . . .  . 
Overall Experimental Set-up and Sampling Flowchart 
4 C ross-section of Eksotika Papaya -- Showing Thermocouple 
Page 
3 
3 
32 
Positions at O.5R and C entre . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
5 Arrangement of Boxes and Thermocouples Positions in the C ool 
Room . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
6 Effect of C ooling Delay on C ooling C urve : Average Temperatures 
for Each Treatment Over C ool Room Storage Time . . . . . . . . . . . . . . .  . . 44 
7 Effect of C ooling Delay on the Temperature Distribution as 
Reflected by Standard Deviations . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . 45 
8 Effect of C ooling Delay on C ooling C urve: Regression of Average 
Temperature Ratio versus Storage Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 
9 Effect of Storage Time on Weight Loss for Eksotika Papaya at 
Ambient (26°C± 2°C ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
1 0  Effect of Storage Time on Moisture C ontent for Eksotika Papaya at 
Ambient (26°C± 2°C )  . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  
1 1  Effect of Storage Time on Firmness for Eksotika Papaya at 
Ambient (26°C± 2°C ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55  
12  Effect of  Storage Time on Rupture Force for Eksotika Papa ya at 
Ambient (26°C± 2°C ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 
13 Effect of Storage Time on L Value for Eksotika Papaya at Ambient 
(26°C± 2°C ) ................................................................................. 57 
14 Effect of Storage Time on a Value for Eksotika Papaya at Ambient 
(26°C± 2°C ) . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
1 5  Effect of Storage Time on b Value for Eksotika Papaya at Ambient 
(26°C± 2°C ) . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
ix 
1 6  Effect of Storage Time on Colour Changes (Delta E )  for Eksotika 
Papaya at Ambient (26° C± 2° C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" . . .  58 
1 7  Effect of Storage Time on Titratable Acidity for Eksotika Papaya 
at Ambient (26° C± 2° C) . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
1 8  Effect of Storage Time on Citric Acid for Eksotika Papaya at 
Ambient (26° C± 2° C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
1 9  Effect of Storage Time on Total Soluble Solids for Eksotika 
Papaya at Ambient (26° C± 2° C) . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 1  
20 Effect of Storage Time on pH Value for Eksotika Papaya at 
Ambient (26° C± 2° C) . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
2 1  Effect of Cooling Delay and Storage Time on Weight Loss of 
Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
22 Effect of Cooling Delay and Storage Time on Moisture Content of 
Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
23 Effect of Cooling Delay and Storage Time on Firmness of 
Eksotika Papaya . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
24 Effect of Cooling Delay and Storage Time on Rupture Force of 
Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 69 
25 Effect of Cooling Delay and Storage Time on L Value of Eksotika 
Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  72 
26 Effect of Cooling Delay and Storage Time on a Value of Eksotika 
Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 
27 Effect of C ooling Delay and Storage Time on b Value of Eksotika 
Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
28 Effect of Cooling Delay and Storage Time on Delta E Value of 
Eksotika Papaya . . . . . . . . .  . . . . . .  . . . . . .  . . . . . . . . . . . .  . . .  . . . . .  . . . . . . . . . . . . . . . .  75 
29 Effect of Cooling Delay and Storage Time on Titratable Acidity of 
Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 77 
30 Effect of Cooling Delay and Storage Time on Citric Acid of 
Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . 77 
x 
3 1  Effect of C ooling Delay and Storage Time on Total Soluble Solids 
of Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
32 Effect of C ooling Delay and Storage Time on pH of Eks otika 
Papaya . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
33 Effect of C ooling Delay and Storage Time on C hilling Injury 
Symptoms of Eks otika Papaya : Surface Les ion . . . . . . . . .  '" . . . . . . . .  82 
34 Effect of C ooling Delay and Storage Time on C hilling Injury 
Symptoms of Eks otika Papaya : Su nken Spot . . . . . . . . . . . . . . . . . . . .  '" 82 
35 Effect of C ooling Delay and Storage Time on C hilling Injury 
Symptoms of Eks otika Papaya : Fungal Infection . . . . . . . . . . . . . . .  . . 84 
36 Effect of C ooling Delay and Storage Time on C hilling Inju ry 
Symptoms of Eks otika Papaya : Uneven Ripening . . . . . . . . . . . . . . . 84 
37 Effect of C ooling Delay and Storage Time on C hilling Injury 
Symptoms of Eks otika Papaya : Brown Spot . . . . . . . . . . . . . . . . . . . . . 86 
38 Effect of C ooling Delay and Storage Time on Overall C hilling 
Injury Symptoms of Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
39 Effect of C ooling Delay and Storage Time on Mois ture C ontent of 
Ripe Eks otika Papaya . . . . . . . . . . . . . . . . . . . .  '" . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 
40 Effect of C ooling Delay and Storage Time on Firmness of Ripe 
Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
4 1  Effect of C ooling Delay and Storage Time on Rupture Force of 
Ripe Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
42 Effect of C ooling Delay and Storage Time on L Valu e of Ripe 
Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
43 Effect of C ooling Delay and Storage Time on a Value of Ripe 
Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . .  '" . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  95 
44 Effect of C ooling Delay and Storage Time on b Value of Ripe 
Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
45 Effect of C ooling Delay and Storage Time on Delta E Value of 
Ripe Eks otika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
xi 
46 Effect of Cooling Delay and Storage Time on Titratable Acidity of 
Ripe Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 1  
47 Effect of Cooling Delay and Storage Time on Citric Acid of Ripe 
Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 1  
48 Effect of Cooling Delay and Storage Time on Total Soluble Solids 
of Ripe Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 04 
49 Effect of Cooling Delay and Storage Time on pH of Ripe Eksotika 
Papaya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 04 
50 Effect of Cooling Delay and Storage Time on Chilling Injury 
Symptoms of Ripe Eksotika Papaya : Surface Lesion . . . . . . . . . . . . .  1 07 
5 1  Effect of Cooling Delay and Storage Time on Chilling Injury 
Symptoms of Ripe Eksotika Papaya : Sunken Spot . . . . . . . . . . . . . . . .  1 07 
52 Effect of Cooling Delay and Storage Time on Chilling Injury 
Symptoms of Ri pe Eksotika Papaya : Fungal Infection . . . . . .  . . . . . 1 09 
53 Effect of Cooling Delay and Storage Time on Chilling Injury 
Symptoms of Ri pe Eksotika Papaya : Uneven Ripening . . . . . . . . . .  1 09 
54 Effect of Cooling Delay and Storage Time on Chilling Injury 
Symptoms of Ripe Eksotika Papaya : Brown Spot . . . . . . . . . . . . . . . 1 1 1  
55  Effect of  Cooling Delay and Storage Time on Overall Chilling 
Injury Symptoms of Ripe Eksotika Papaya . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1  
56 Moisture Content of Eksotika Papaya Before and After Ri pening 
upon Removal from Cool Room Storage . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  1 1 3 
57 Firmnes of Eksotika Papaya Before and After Ripening upon 
Removal from Cool Room Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 114 
58 Rupture Force of Eksotika Papaya Before and After Ripening 
upon Removal from Cool Room Storage .... . . . . .  . .  . .  . .  . .  . .  . . .  . .  . .  . . .  1 1 6 
59 Colour (L value) of Eksotika Papaya Before and After Ripening 
upon Removal from Cool Room Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 7 
60 Colour (a value) of Eks otika Papaya B efore and After Ripening 
upon Re moval from Cool Room Storage . . . . . . . . . . . . . . . . . . . . . . . . . .  1 18 
6 1  Colour (b value) of Eksotika Papaya Be fore and After Ri pening 
xii 
upon Removal fr om Cool Room Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 20 
62 Colour Changes (Delta E) of Eksotika Papaya Before and After 
Ripening upon Removal from Cool Room Storage . . . . . . . . . . . .  . . . . . 1 2 1  
63 Titratable Acidity of Eksotika Papaya Befo re and After Ripening 
upon Removal from Cool Room Storage . . . . . . . . . . . . . . . . . . . . . . . . .  '" 1 23 
64 Citric Acid of Eksotika Papaya Before and After Ripening upon 
Removal from Cool Room Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 24 
65 Total Soluble Solids of Eksotika Papaya Before and After 
Ripening upon Removal from Cool Room Storage . . . . . . . . . . . . . . . . . . . .  1 25 
66 pH of Eksotika Papaya Before and After Ripening upon Removal 
from Cool Room Storage . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . .  1 27 
67 Chilling Injury Observations of Eksotika Papaya Before and After 
Ripening upon Removal from Cool Room Storage . . . . . . . . . . . . . . . . .  1 28 
68 Weight Loss of Eksotika Papaya : Cooling Delay Treatment 
Compared with Ambient Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 1  
69 Moisture Content of Eksotika Papaya : Cooling Delay Treatment 
Compar ed with Ambient Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 1  
70 Firmness of Eksotika Papaya : Cooling Delay Treatment 
Compared with Ambient Treatment . . . . . . . . . . . . .  . . . . . . .  . . .  . .  . .  . .  . .  . . .  . . . . .  1 34 
71  Ruptur e Force of  Eksotika Papaya : Cooling Delay Treatment 
Compared with Ambient Treatment . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  1 34 
72 Colour (L Value) of Eksotika Papaya : Cooling Delay Treatment 
Compared with Ambi ent Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" 1 37  
73 Colour (a Value) of Eksotika Papaya : Cooling Delay Treatment 
Compared with Ambient Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 
74 Colour (b Value) of Eksotika Papaya : Cooling Delay Treatment 
Compared with Ambient Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 39 
75 Colour Changes (Delta E )  of Eksotika Papaya : Cooling Delay 
Treatment Compared with Ambient Treatment . . . . . . . . . . . . . . . . . . . . . .  1 39 
76 Titratable Acidity of Eksotika Papaya : Cooling Delay Treatment 
Compared with Ambient Treatment . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 
xiii 
77 C itric Acid C ontent of Eksotika Papaya : C ooling Delay Treatment 
C ompared with Ambient Treatment . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . .. 1 42 
78 Total Soluble Solids of Eksotika Papaya: C ooling Delay 
Treatment C ompared with Ambient Treatment . . . . . . . . . . . . . . . . .  '" 1 45 
79 pH of Eksotika Papaya: C ooling Delay Treatment C ompared with 
Am bient Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 45 
80 C ooling of Eksotika Papaya 24 Hours After Harvest : Temperature 
Distribution within Fruits Located Inside the Bottom and the 
Middle Boxes . .. . . . . . ... . . . . . . . . . . .. .  ... . . . .  . . . . . . . . . . . . . . .. . . . . . . . . .  . . .  1 67 
8 1  C ooling of Eksotika Papaya 24 Hours After Harvest : Fruit, Box 
and C ool Room Average Temperatures Over Storage Time 1 67 
82 C ooling of Eksotika Papaya 24 Hours After Harvest : Ln 
Temperature Ratio of All Observations and C orresponding 
Regression Over Storage Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 68 
83 C ooling of Eksotika Papaya 24 Hours After Harvest: Ln 
Temperature Ratio of Average Fruit Temperature and 
C orresponding Regression Over Storage Time . . .  . . . . . . . . . . . . . . . . . . . . 1 68 
84 C ooling of Eksotika Papaya 48 Hours After Harvest : Temperature 
Distribution within Fruits Located Inside the Bottom and the 
Middle Boxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 69 
85  C ooling of  Eksotika Papaya 48  Hours After Harvest : Fruit, Box 
and C ool Room Average Temperatures Over Storage Time 1 69 
86 C ooling of Eksotika Papaya 48 Hours After Harvest : Ln 
Temperature Ratio of All Observations and C orresponding 
R egression Over Storage Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 70 
87 C ooling of Eksotika Papaya 48 Hours After Harvest : Ln 
Temperature Ratio of Average Fruit Temperature and 
C orresponding Regression Over Storage Time . . .  . . . . . . . . . . . . . . . . .. 1 70 
88  C ooling of Eksotika Papaya 72 Hours After Har vest : Temperature 
Distribution Within Fruits Located inside the B ottom and the 
Middle Boxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . 1 71  
89 C ooling of Eksotika Papaya 72 Hours After Harvest : Fruit, B ox 
and C ool Room Average Temperatures Over Storage Time . .... . 1 7 1  
xiv 
90 
9 1  
92 
93 
94 
95 
Cooling of Eksotika Papaya 72 Hours After Harvest: Ln 
Temperature Ratio of All Observations and Corresponding 
Regression Over Storage Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cooling of Eksotika Papaya 72 Hours After Harvest : Ln 
Temperature Ratio of Average Fruit Temperature and 
Corresponding Regression Over Storage Time . . . . . . . . . . . . . . . . . . .  . 
Cooling of Eksotika Papaya 96-hour After Harvest : Temperature 
Distribution within Fruits Located Inside the Bottom and the 
Middle Boxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cooling of Eksotika Papaya 96-hour After Harvest : Fruit, Box and 
Cool Room Average Temperatures Over Storage Time '" ' " . , . 
Cooling of Eksotika Papaya 96-hour After Harvest : Ln 
Temperature Ratio of All Observations and Corresponding 
Regression Over Storage Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cooling of Eksotika Papaya 96-hour After Harvest : Ln 
Temperature Ratio of Average Fruit Temperature and 
Corresponding Regression Over Storage Time . . . . . . . . . . . . . . . . . . . .  . 
xv 
1 72 
1 72 
1 73 
1 73 
1 74 
1 74 
LIST OF PLATES 
Plate 
1 Maturity Indices of Eksotika Papaya 
2 Sample Page of Advantech Genie Strategy Editor - Data 
Acquisition Software for Automatic Recording of 
Page 
1 62 
Temperature . . . . . . . . . . . . . . .  '" '" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 62 
3 Sample Page of Advantech Genie Runtime -- Data 
Acquisition Software for Automatic Recording 
of Temperature . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 63 
4 Data Acquisition Cards Used for Monitoring Temperature-
from the left, PCLD 789D, PCLD789, and PCL81 2PG . . . . . . . . . . . . .  1 63 
5 Sampling Procedure for Colour Changes of Eksotika Papaya 
using the Chroma Meter CR-300 . . . . . .  . . . . . .  . . . . . .  . . . . . . . . .  . . . . . . . . . . .  1 64 
6 Chilling Injury of Fruits after Ripening at Ambient upon 
Removal from the Cool Room in the Third Week of 
Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  . . . 1 64 
7 Chilling Injury of Fruits after Ripening at Ambient upon 
Removal from the Cool Room in the Fourth Week of 
Storage 
8 Chilling Injury of Fruits after Ripening at Ambient upon 
Removal from the Cool Room in the Fifth Week of 
Storage 
xvi 
1 65 
1 65 
AFI 
AF2 
AF3 
AF4 
ANOVA 
ASAE 
ASHRAE 
CI 
FAMA 
MARDI 
NAP 
RH 
RCI 
RC2 
LIST OF ABBREVIATIONS 
Fruits stored under BOC ± 2°C, 24 hours after harvest and 
analysed after ripening at room temperature (26°C ± 2°C) 
Fruits stored under BOC ± 2°C, 48 hours after harvest and 
analysed after ripening at room temperature (26°C ± 2°C) 
Fruits stored under 1 3°C ± 2°C, 72 hours after harvest and 
analysed after ripening at room temperature (26°C ± 2°C) 
Fruits stored under BOC ± 2°C, 96 hours after harvest and 
analysed after ripening at room temperature (26°C ± 2°C 
Analysis of Variance 
American Society of Agricultural Engineers 
American Society of Heating, Refrigerating and Air-conditioning 
Engineers 
Chilling Injury 
Federal Authority of Malaysia Agriculture 
Malaysian Agricultural Research Development Institute 
National Agricultural Policy 
Relative Humidity 
Fruits stored under 1 3°C ± 2°C, 24 hours after harvest and 
analysed before ripening at room temperature (26°C ± 2°C) 
Fruits stored under BOC ± 2°C, 48 hours after harvest and 
analysed before ripening at room temperature (26°C ± 2°C) 
xvii 
RC3 Fruits stored under l 3°C ± 2°C, 72 hours after harvest and 
analysed before ripening at room temperature (26°C ± 2°C) 
RC4 Fruits stored under 1 3°C ± 2°C, 96 hours after harvest and 
analysed before ripening at room temperature (26°C ± 2°C) 
T A Titratable Acidity 
TSS Total Soluble Solids 
xviii 
A 
f 
fi 
fa 
V 
C 
Q 
w 
J 
e 
h 
R,r 
k 
a 
L 
p 
T7 
v 
J 
d 
LIST OF SYMBOLS 
Surface area 
Temperature at any point 
Fluid temperature surrounding an object 
Initial temperature 
Ambient temperature 
Volume 
Specific heat 
Heat Supplied 
Specific weight 
Lag Factor 
Time 
Unit surface conductance 
Distance from centre of a cylinder or sphere 
Thermal conductivity 
Thermal diffusivity 
Distance from centre of a slab 
Mass density 
Fluid viscosity 
Fluid velocity 
Moisture flow rate per unit area 
Characteristic diameter of the crop 
xix 
D 
8p 
Re 
Sc 
Diffusivity of the moisture in the air 
Mass transfer coefficient of the surface layer 
Overall vapour pressure difference 
Reynolds Number 
Schmidt Number 
xx 
Abstract of thesis submitted to the Senate ofUniversiti Pertanian Malaysia in 
fulfilment of the requirements for the degree of Master of Science. 
THE EFFECTS OF COOLING DELAY ON THE COOLING RESPONSE 
AND THE PHYSICO-CHEMICAL PROPERTIES OF EKSOTIKA 
PAPAYA. 
By 
HANIM SALLEH 
JULY 1997 
Chairman: Assoc. Prof. Dr. Hussain Mohd Salleh 
Faculty: Engineering 
Handling papaya in bulk can result in cooling delay of up to forty-eight 
hours due to equipment, cost and labour factors. The effects of cooling delay on 
chilling injury, quality and storage life of papaya were studied to develop 
effective strategies in postharvest handling and storage. 
Sound fruits of maturity index 2 were stored at 26°C±2°C (control) and 
in the cool room (13°C±2°C) approximately 24, 48, 72 and 96 hours after 
harvest. Storage and fruits' temperature were monitored using data acquisition 
system to obtain cooling rates. Physico-chemical properties namely weight loss, 
moisture content, firmness, rupture force, colour, titratable acidity (TA), citric 
acid content, total soluble solids (TSS) and pH were recorded. Fruits were also 
access for chilling injury symptoms. Data were taken for fruits at ambient 
condition, room cooled fruits before (labelled as RCl, RC2, RC3 and RC4 for 1, 
2, 3 and 4 days of cooling delay respectively) and after they have ripened 
xxi 
(labelled as AF1, AF2, AF3 and AF4 for 1, 2, 3 and 4 days of cooling delay 
respectively) upon weekly removal from the cool room. Data were compared for 
significant differences. 
Longer cooling delay (RC3/AF3 and RC4/AF4) resulted in higher half­
cooling time, higher weight loss, better colour development, higher TSS and 
lower in firmness and lower in chilling injury occurrences when compared to the 
shorter cooling delay (RCI/AFI and RC2/AF2). No good correlation were found 
for moisture content, rupture strength, pH, T A and citric acid content in relation 
to cooling delay. All treatments had acceptable quality up to the second week of 
storage for the cool room treatments, while the control had acceptable quality up 
to nine days. The results show that Eksotika papaya can tolerate up to ninety-six 
hours of cooling delay for a storage life of up to two weeks. This can help reduce 
the refrigeration cost. 
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KESAN PENAGGUHAN PENYEJUKAN KEATAS TINDAKBALAS 
PENYEJUKAN DAN SIFAT FIZIKO-KIMIA BETIK EKSOTlKA. 
Oleh 
HANIM SALLEH 
JULAI 1997 
Pengerusi : Prof. Madya Dr. Hussain Mohd Salleh 
Fakulti : Kejuruteraan 
Pengendalian betik secara pukal boleh menyebabkan penyejukan 
tertangguh sehingga empat puluh lapan jam. Ini disebabkan oleh faktor 
peralatan, ekonomi dan buruh. Oleh itu, informasi mengenai kesan penyejukan 
tertangguh terhadap kecederaan ding in, kualiti dan hayat penyimpanan boleh 
digunakan untuk menyusun strategi yang lebih efektif dalam pengendalian lepas 
tuai. 
Buah betik Eksotika (indeks 2) yang bebas dari kecederaan disimpan 
pada 26°C±2°C (kontrol) dan dalam bilik sejuk ((13°C±2°C) selepas 24, 48, 72, 
dan 96 jam dipetik. Sistem pengumpulan data berkomputer digunakan untuk 
merekodkan suhu buah dan tempat penyimpanan. Data tersebut digunakan untuk 
pengiraan kadar penyejukan. Sifat-sifat fiziko-kimia iaitu kehilangan berat, 
kandungan lembapan, kekukuhan (firmness), daya pecah (rupture force), wama, 
kandungan asid tertitrat, asid sitrik, jumlah pepejal lamt (JPL) , dan pH 
direkodkan. Jumlah kecederaaan sejuk pada buah juga dinilai. Data diambil bagi 
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buah pada suhu bilik. Bagi buah yang disejukkan, data diambil sebelum 
dimasakkan (label RCl, RC2, RC3, RC4 untuk masing-masing 1, 2, 3 dan 4 hari 
penyejukan tertangguh) dan selepas dimasakkan (label AFl, AF2, AF3, AF4 
untuk masing-masing 1, 2, 3 dan 4 hari penyejukan tertangguh) selepas 
pengeluaran dari bilik sejuk pada setiap minggu. Semua data dibandingkan untuk 
mendapatkan perbezaan bererti. 
Penyejukan tertangguh yang lebih lama (RC3/AF3 dan RC4/AF4) 
memberi nilai yang Iebih tinggi terhadap masa separuh penyejukan, kehilangan 
berat, perubahan wama, JPL, dan nilai yang lebih rendah bagi kekukuhan dan 
kecederaan ding in, apabila dibandingkan dengan penyejukan tertanggguh yang 
pendek (RClIAFl dan RC2/AF2). Tiada korelasi yang baik terhadap penyejukan 
tertangguh didapati untuk kandungan lembapan, daya pecah, pH, asid tertitrat 
dan kandungan asid sitrik. Buah yang disimpan di dalam bilik sejuk didapati 
dalam keadaan memuaskan sehinggga minggu kedua, manakala buah kontrol 
sehingga hari yang kesembilan. Keputusan keseluruhan menunjukkan bahawa 
betik Eksotika mempunyai toleransi terhadap penyejukan tertangguh sehingga 
sembilan puluh enam jam untuk jangka hayat selama dua minggu. lni juga dapat 
mengurangkan kos penyejukan. 
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